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 One of the major problems affecting viscous 
pressure forming (VPF) is the stability of tube-
compression, whereas the main defect influencing 
the stability of welded tube-compression is the 
quality of welded joints. This article utilizes the 
finite element method to analyze the influence of 
weld joint strength and width on stability of 
SUS304 tube-compression by VPF. Meanwhile, 
SUS304 welded tube-blanks with different weld 
joint strength and width are obtained by plasma 
welding, TIG-Tungsten Inert Gas welding, laser 
welding and high frequency welding and then the 
stability test by VPF is carried out. The results 
showed that the weld joint strength and width 
affect the stability of tube-compression. The system 
and process of controlling weld joint width can 
improve the stability of tube-blank preferably 
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1 Introduction  
 
Tube compression of thin walled parts is affected by 
its stability, which can easily lead to buckling; it is 
not easy to control the forming process and the 
forming quality is difficult to guarantee [1-3]. 
Viscous pressure forming (VPF) method has been 
developed in recent years. This method can not only 
postpone the buckling of tube-blank, but also 
eliminate wrinkles on the surface of the tube-blank 
under non-uniform and high viscous pressure. In 
this way, the influence of buckling and wrinkling to 
the viscous pressure forming is postponed under 
certain conditions. Thereby, the large deformation 
of tube-blank can be obtained [4-6]. 
The thin-walled tube parts formed by VPF, 
postponing of tube-blank buckling, and the 
elimination of wrinkles belong to key technologies. 
In addition to the performance of viscous medium 
and the loading method, the buckling is affected 
greatly by tube-blank quality. As the size and 
specification of seamless tube is limited, most of 
tube-blank is processed by roll bending and 
welding, so the stability of tube-compression is 
directly affected by the quality of weld joint [7-10]. 
At present, the existing research is mainly 
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concentrated on the stability of tube-blank in 
uniformly distributed load or axial compression 
load, research on the stability of the welded tube-
blank, however, has not yet been mentioned by 
VPF. In this article, the influence of weld joint 
strength and width on stability of SUS304 tube-
compression by VPF is analyzed by finite element 
and is verified by experiment [11-16]. 
 
2 Experimental scheme and device 
 
The experimental device (as shown in Fig. 1) is 
mainly composed of a piston, inner die and outer 
die. The wall thickness of SUS304 tube-blank t is 
1.2 mm, it is welded by plasma welding. Parameters 
of plasma welding process parameters are: welding 
current is 40 A, welding speed is 35 cm/min，the 
plasma gas flow rate is 1.8 l/min, the distance of the 
nozzle to the workpiece is 5 mm, tungsten setback is 
1 mm, whereas the ones of TIG-Tungsten Inert Gas 
welding are: welding current is 65 A, welding 
voltage is 7.5 V，welding speed is 35 cm/min,laser 
welding is characterized by: laser power of 50 W, 
pulse width of 5 ms，the amount of defocusing of 3 
m，welding speed was 30 cm/min; high frequency 
welding is characterized by: welding frequency  of 
380 KHz, welding speed of 50 m/min，and the 
power of 200 kW. The diameter D = Ф64 mm and 
the height h = 120 mm，the Chemical composition 
of SUS304 is shown in Table 1. The material of 
viscous medium adopts methyl vinyl silicone rubber 
with molecular weight of 70×104 g/mol and 
viscosity of 25,340 Pa·s. After the welded tube-
blank had been put into die, enough viscous 
medium was filled and placed for 3 to 5 hours so 
that the bubble was expelled and the influence of 
mixed with air to the test result could have been 
avoided. During the test, the pressure loaded outside 
of the tube-blank through the viscous medium 
compressed by piston. The speed of piston was 5 
mm/s. The test temperature was controlled at 20 ℃











Figure 1. Experimental device. 
 
In order to obtain weld joint quality of different 
welding methods, tensile tests were processed. Two 
pieces of SUS304 sheet were welded together and 
then cut into standard specimens. The size of tensile 
specimen is shown in Fig. 2. Tensile speed was 5 
mm/min. Each test was repeated three times. The 
fracture generally occurred in HAZ, part occurred in 
weld metal. The specimens after the tests are shown 
in Fig. 3. The averages of the tensile data are shown 
in Table 2. Compared with the base metal strength, 
the weld joint strengths of plasma welding, TIG 
welding, laser welding and high frequency welding 
are 98.9 %, 93.6 %, 87.4 % and 83.8 %, 
respectively The welding performance of plasma 
welding was the best, TIG welding followed by the 
effect of high frequency welding and laser welding 




Figure 2. Size of tensile specimen.
Table 1. Chemical composition of SUS304 (wt. %) 
 
C Cr Mn Ni Si P S 
0.07 18 2 9 1 0.03 0.03 
  













(e) No welding 
 
Figure 3. Tensile specimens. 
 











High frequency welding 8.8 453.3 187.9 11.9 
Laser welding 9.2 472.9 196.9 34.0 
TIG welding 10.1 506.4 214.0 46.8 
Plasma welding 10.4 535.0 220.8 51.6 
SUS304 10.5 540.9 223.6 53.9 
 





























Figure 4. The comparison of weld tensile strength 
under various welding processes. 
 
3 Finite element analysis 
 
3.1 Finite element model 
 
According to the coupling deformation between 
viscous medium and tube-blank, the stability of 
welded tube-compression achieved by VPF is 
analyzed by finite element software ANSYS/LS-
DYNA. A quarter of the finite element model in 
addition to inner die is shown in Fig. 5. Viscous 
medium utilizes 3D - Solid for meshing, welded 
tube, whilst other parts utilize Thin-Shell for 
meshing, the meshing of weld joint needs refining, 
the piston y direction is not imposed constraints, the 
friction coefficient between tube-blank and viscous 
medium is 0.2. Weld joint strength levels are 100 %, 
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90 %, 80 % and 70 % of the base metal and the 
weld joint widths are 2 mm, 4 mm, 6 mm and 8 mm. 




Figure 5. Finite element analysis model. 
 
3.2 Results of finite element analysis 
 
The compression stress produces significant 
fluctuation causing the tube not to continue keeping 
its initial equilibrium called buckling. Therefore, 
the buckling is related to the size and distribution of 
tube compression stress. Fig. 6 shows the 
distribution of tube buckling compression stress 
under different weld joint strength conditions when 
weld joint width is 4 mm. Compared with the base 
metal strength, the buckling compression stresses of 
different weld joint strengths are -230.9 MPa, -
224.9 MPa, -219.3 MPa and -213.5 MPa. The lower 
the weld joint strength, the smaller the tube 
buckling compression stress is. The stress is 
decreased to 92.4 % when the weld joint strength is 
70 %. 
Fig. 7 shows the distribution of tube buckling 
compression stress under different weld joint width 
conditions when the weld joint strength is 70 % of 
the base metal strength. The weld joint width is 2 
mm, 4 mm, 6 mm, 8 mm and the corresponding 
buckling compression stresses are -217.2 MPa, -
213.5 MPa, -203.2 MPa and -192.3 MPa, 
respectively. The larger the weld joint width, the 
poorer the stability of tube-blank is. The stress is 
decreased to 88.5 % when the weld joint width is 8 
mm.  
 
   
 
(a) 100 %                                      (b) 90 %                                        (c) 80 %                                    (d)  70 % 
 
Figure 6. The buckling compression stress of different weld joint strengths. 
 
 
    
 
    (a) W=2 mm                                (b) W=4 mm                                (c) W=6 mm                                 (d) W=8 mm 
 
Figure 7. The buckling compression stress of different weld joint widths. 
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4 The experiment results and analysis  
 
In this article it is shown how the buckling of 
welded tube-compression is carried out. Viscous 
pressure drops are rapidly accompanied by clear 
noise. Fig. 8 displays the buckling specimens of 
welded tube by VPF, whereas the comparison of 
weld joint quality and buckling pressure is shown in 
Table 3. The corresponding relation between the 
buckling pressure of tube-compression and the 






   ,                          (1) 
 
where, σθ is compression stress (MPa), K is 
correction coefficient (K=0.4), p is buckling 
pressure (MPa), D is the diameter (mm), t is the 
thickness (mm). 
 
                  
 
   (a) High frequency welding                  (b) Laser welding                           (c) TIG welding                       (d) Plasma welding  
 
Figure 8. Tube-compression specimens. 
 
Table 3. Buckling pressure of different weld joint widths 
 
Welding process Laser welding TIG welding High frequency welding Plasma welding 
Weld joint width (mm) 2 4 6 8 
Strength ratio (%) 87.4 93.6 83.8 98.9 
Buckling pressure (MPa) 21.5 21.2 20.3 19.6 
 
Fig. 9 shows the contrast of tube-blank compression 
stresses calculated by Equation 1 and the results of 
finite element analysis. The comparison presented 
in Table 3 and Fig. 8 shows that the buckling 
pressure made by laser welding tube is the highest, 
and it is followed by TIG welding tube and high 
frequency welding tube; buckling made by the 
plasma welding tube is the lowest. However, the 
weld joint width of the laser welding tube is the 
smallest with an average of 2 mm, the width of TIG 
welding and high frequency welding is in the 
middle, whereas the width of plasma welding is the 
biggest with an average width of 8 mm. Thus weld 
joint width is the main factor influencing the 
stability. When the weld joint strength of tube-blank 
(stress-strain are shown in Fig. 10) is lower, the 
welding zone will be the first to enter the 
deformation stage, and work hardening 
phenomenon occurs with an increase in pressure. 
Then it can lead to an increase in weld joint strength 
and gradually in the strength of the base metal. 
Meanwhile, the unfavorable factors of low weld 
joint strength are offset. Therefore, in the buckling 
stage, the influence of the weld joint width on 
buckling is relatively obvious. A reasonable 
welding process for reducing the weld joint width 
can avoid prematurely buckling of welded tube 
employed by VPF. 





































Welded width  (mm)  
 
Figure 9. Relationship between weld joint width 
and buckling compression stress. 
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(b) strain state 
 




1. The weld joint quality of thin-walled parts, 
including strength and width, formed by VPF, 
affects the stability of welded tube-blank. 
2. In the process of numerical analysis, the 
buckling compression stress of tube-blank is 
inversely proportional to the weld joint width, 
and directly proportional to the weld joint 
strength, whereas the buckling is always 
distributed over the weld joint. 
3. The results of comparisons of the influence of 
weld joint strength and width on the stability of 
welded tube-blank show that the influence of 
weld joint width is a little larger, and the 
influence of weld joint strength is relatively 
small due to compression deformation and 
work hardening. 
4. When tube-compression by VPF is processed 
by welding, plasma welding showed the best 
weld joint characteristics for application; the 
welding process, however, has to improve the 
stability of tube-blank which is chosen to 
reduce the weld joint width under strong 
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